abbreviationS ASA = American Society of Anesthesiologists; ASD = adult spinal deformity; BMI = body mass index; DRAM = Distress and Risk Assessment Method; EBL = estimated blood loss; HMH = high mental health; HRQOL = health-related quality of life; LL = lumbar lordosis; LMH = low mental health; LOS = length of hospital stay; MCID = minimal clinically important difference; MCS = mental component summary; NRS = numeric rating scale; ODI = Oswestry Disability Index; PCS = physical component summary; PI = pelvic incidence; PT = pelvic tilt; SF-36 = 36-Item Short Form Health Survey; SRS-22r = Scoliosis Research Society-22r questionnaire; SVA = sagittal vertical axis; TK = thoracic kyphosis. MethoDS A retrospective analysis of a prospective multicenter database of 365 adult spinal deformity (ASD) patients who had undergone surgical treatment was performed. Health-related QOL variables were examined preoperatively and at the 2-year postoperative follow-up. Patients were grouped by their 36-Item Short Form Health Survey mental component summary (MCS) and physical component summary (PCS) scores. Both groups had PCS scores ≤ 25th percentile for matched norms; however, the low mental health (LMH) group consisted of patients with an MCS score ≤ 25th percentile, and the high mental health (HMH) group included patients with an MCS score ≥ 75th percentile. reSUltS Of the 264 patients (72.3%) with a 2-year follow-up, 104 (28.5%) met the inclusion criteria for LMH and 40 patients (11.0%) met those for HMH. The LMH group had a significantly higher overall rate of comorbidities, specifically leg weakness, depression, hypertension, and self-reported neurological and psychiatric disease processes, and were more likely to be unemployed as compared with the HMH group (p < 0.05 for all). The 2 groups had similar 2-year postoperative improvements in HRQOL (p > 0.05) except for the greater improvements in the MCS and the Scoliosis Research Society-22r questionnaire (SRS-22r) mental domain (p < 0.05) in the LMH group and greater improvements in PCS and SRS-22r satisfaction and back pain domains (p < 0.05) in the HMH group. The LMH group had a higher rate of reaching a minimal clinically important difference (MCID) on the SRS-22r mental domain (p < 0.01), and the HMH group had a higher rate of reaching an MCID on the PCS and SRS-22r activity domain (p < 0.05). On multivariable logistic regression, having LMH was a significant independent predictor of failure to reach an MCID on the PCS (p < 0.05). At the 2-year postoperative follow-up, 14 LMH patients (15.1%) were categorized as HMH. Two LMH patients (2.2%), and 3 HMH patients (7.7%) transitioned to a PCS score ≥ 75th percentile for age-and sex-matched US norms (p < 0.01).
I
t is well known that deformity of the spine has a significant impact on the health-related quality of life (HRQOL) of adults; 2, 17 however, the impact of the mental health burden in patients with adult spinal deformity (ASD) treated with surgical spinal reconstruction is less clear. Although screening for a history of mental health disease has been advocated in the preoperative planning for reconstructive spine surgery, 14 a survey completed by 110 spine surgeons from the US revealed that only 37% routinely use some form of mental health screening. 28 It can be difficult to assess if mental distress is reactive, directly related to the anatomical pathology requiring surgery, or an inherent disorder requiring psychosocial treatments. 8, 10, 23 Preoperative mental disease burden has been reported to have a significant impact on levels of pain intensity, disability, and HRQOL measures in patients undergoing spine surgery (Bakhsheshian et al., unpublished data, 2016).
1,9,
10,13,23 Preoperative psychiatric conditions have been shown to be an independent risk factor for the development of adverse events during hospitalization after spine surgery. 15 However, other investigations have failed to demonstrate an association between self-reported psychological conditions and outcome scores following lumbar spine surgery. 1, 13 Of note, these studies did not have predefined comparative study groups, meaning that they did not classify patients with significant functional impairment as scoring at or below the 25th percentile for age-and sex-matched US population norms. 20 Further, the minimal clinically important differences (MCIDs) were not evaluated.
To date, there is a paucity of information on the impact of severe mental health disease in ASD patients undergoing reconstructive spine surgery. Patients with ASD increasingly expect treatments that allow them to stay active, and spine surgeons are asked to evaluate patients with mental health parameters that could confound the predicted surgical prognosis. Greater information on the impact of mental health parameters can help the patient and surgeon decide on the most appropriate treatment approach. Thus, in the following study, we assessed the impact of poor mental health on ASD patients with poor physical function using the hypothesis that patients with poor mental health preoperatively may have worse 2-year outcomes than those with good preoperative mental health.
Methods

Patient Population
We retrospectively reviewed a prospective ASD database covering 11 different sites in the US. The database undergoes periodic quality-control checks and is verified by independent reviewers. All sites enrolled patients with an institutional review board-approved protocol. Criteria for inclusion into the database were a patient age ≥ 18 years and spinal deformity as defined by the presence of at least one of the following: coronal Cobb angle ≥ 20°, sagittal vertical axis (SVA) ≥ 5 cm, pelvic tilt (PT) ≥ 25°, and/or thoracic kyphosis (TK) ≥ 60°. Exclusion criteria included the presence of a neuromuscular etiology or an active infection or malignancy. The 36-Item Short Form Health Survey (SF-36) questionnaire was designed for a general self-reported health assessment and entails the physical component summary (PCS) and mental component summary (MCS) scores.
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Two patient groups were identified using as the cutoff point scoring in either the lower 25th percentile or the top 25th percentile for age-and sex-matched US norms. 20, 27 This was done to identify the ratio of the extreme portion of preoperative patients with low PCS scores (≤ 25th percentile) and low MCS scores (≤ 25th percentile) or high MCS scores (≥ 75th percentile). Therefore, the 2 comparison groups consisted of the following: low mental health (LMH) group, PCS scores ≤ 25th percentile and MCS scores ≤ 25th percentile; and high mental health (HMH) group, PCS scores ≤ 25th percentile and MCS scores ≥ 75th percentile.
Demographics and hrQol Measurements
The demographic data included age, sex, body mass index (BMI), Charlson Comorbidity Index, 6 individual comorbidities, and work status. The surgical data included the American Society of Anesthesiologists (ASA) physical status classification, length of hospital stay (LOS), operating room time, estimated blood loss (EBL), and number of patients that had at least one direct decompression. Standardized HRQOL measures included the Oswestry Disability Index (ODI), SF-36, and Scoliosis Research Society-22r questionnaire (SRS-22r). The SRS-22r provides multiple subdomains (activity, pain, self-image, mental health, and satisfaction with management) and a total score. A numeric rating scale (NRS) score ranging from 0 (no pain) to 10 (worst pain) was individually collected for back and leg pain. 
radiographic assessment
All radiographic measures were performed at a central location using standardized techniques. 16 Standing lateral spine radiographs (36-inch cassette) at baseline and the 2-year follow-up were analyzed using validated software (Spineview, ENSAM, Laboratory of Biomechanics).
5,19
Analyzed measurements included coronal Cobb angles of thoracic and lumbar curves, TK (T2-12, Cobb angle between the superior endplate of T-2 and the inferior endplate of T-12), lumbar lordosis (LL; Cobb angle between the superior endplate of L-1 and the superior endplate of S-1), SVA (C-7 plumbline relative to S-1), PT (angle formed by a line drawn from the midpoint of the sacral endplate to the center of the bicoxofemoral axis and a vertical plumbline extended from the bicoxofemoral axis), pelvic incidence (PI; angle formed by a line drawn between the center of the femoral head and the sacral endplate and a line drawn perpendicular to the center of the sacral endplate), and PI-LL mismatch (difference between LL and PI).
Patients were also stratified according to the SRSSchwab ASD classification for coronal curve locations.
21
The coronal curve type is based on the maximal coronal angle measured while using the standard Cobb technique. The 4 curve types include Type T, a thoracic major curve > 30° (apical level of T-9 or higher); Type L, a lumbar or thoracolumbar major curve > 30° (apical level of T-10 or lower); Type D, a double major curve (one T and one L curve) with each curve > 30°; and Type N, no coronal curve > 30° (that is, no major coronal deformity).
Statistical analyses
Continuous variables were described with the mean and standard deviation. Normality of data was determined using the Shapiro-Wilk test. Comparisons of means between the groups included pairwise comparisons using Tukey's honestly significant difference test to control for Type I error or Wilcoxon rank-sum test where appropriate. Frequency analyses for meeting the MCID and for the proportions of comorbidities between the groups were conducted via Pearson's c 2 analysis. Preliminary analysis suggested a higher prevalence of sagittal malalignment in the LMH group than in the HMH group. To ascertain the impact of LMH on outcomes independent of greater sagittal malalignment, multivariable binary logistic regression models were constructed for rates of meeting the MCID for each of the HRQOL measures with the following covariates controlled in the models: LMH/HMH status (HMH as the reference), baseline age, sex, BMI, Charlson Comorbidity Index, baseline maximum coronal Cobb angle, PT, PI-LL, SVA, and preoperative HRQOL for the outcome (that is, preoperative ODI for the ODI MCID model). All statistical analyses were conducted using commercially available software (SPSS version 22, IBM Corp.), and the level of significance was set at p < 0.05 for all tests.
reporting guidelines
This article adheres to the reporting guideline of
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE).
25 results
Patient Selection
Of the 365 patients in the database, 264 (72.3%) were followed up for 2 years and 101 (27.7%) were lost to follow-up (Fig. 1) . One hundred forty-four patients (39.4%) met the inclusion criteria for LMH (PCS scores ≤ 25th percentile and MCS scores ≤ 25th percentile for age-and sex-matched US population norms) or HMH (PCS scores ≤ 25th percentile and MCS scores ≥ 75th percentile for age-and sex-matched US population norms). The LMH group consisted of 104 patients (28.5%) and the HMH group consisted of 40 patients (11.0%).
Preoperative baseline characteristics
Both groups had similar preoperative characteristics except that the LMH group had a significantly higher BMI ( Table 1 ). The LMH group also had a significantly higher rate of comorbidities (p < 0.05; Table 2 ). When specific self-reported comorbidities were examined, the LMH group had a significantly higher rate of leg weakness, depression, hypertension, neurological disease, and psychiatric disease (p < 0.05). The reported duration of symptoms with respect to spine problems or back pain was similar between the 2 groups; however, patients in the HMH group reported a slightly longer period of leg pain (p < 0.05). More LMH patients were disabled, unemployed, or retired due to back pain (p < 0.05). Both groups had similar coronal Cobb angles; however, the LMH group had significantly larger values for PI-LL and SVA (p < 0.05; Table 3 ). The LMH group had worse baseline HRQOL for all measures (p < 0.05) except for PCS, baseline SRS-22r satisfaction, and back and leg pain NRS (Table 4) .
two-year Postoperative outcomes
As regards surgical data, the 2 groups had similar LOS, EBL, and number of patients undergoing a direct decompression (Table 1) , although the ASA physical status was significantly worse in the LMH group (p < 0.01). At 2 years postoperatively, the 2 groups demonstrated significant improvements compared with baseline PI-LL, SVA, and PT (p < 0.01), and these changes were similar between the groups (p > 0.05; Table 3 ). Both groups demonstrated significant improvements in all coronal Cobb angle measurements (p < 0.05 for all).
Both groups demonstrated significant improvements in all HRQOL measurements compared with baseline, except that the HMH group did not improve in the SRS-22r mental health score and showed significant worsening on the MCS (Table 4) . When 2-year differences were compared between the groups, the HMH group demonstrated a greater increase in the PCS and a greater reduction in back pain (p < 0.01), whereas the LMH group demonstrated greater improvements in the MCS, SRS-22r mental, and SRS-22r satisfaction. Furthermore, the LMH group had a higher rate of reaching SRS-22r mental MCID (p < 0.01), and the HMH group had a higher rate of reaching PCS and SRS-22r activity MCID (p < 0.05; Table 5 ). On multivariable logistic regression while controlling for covariables, having LMH was a significant independent predictor of a failure to reach an MCID for the PCS (p < 0.05; Table 6 ). At the 2-year postoperative follow-up, 14 LMH patients (15.1%) were categorized as HMH. Two LMH patients (2.2%) and 3 HMH patients (7.7%) transitioned to a PCS score ≥ 75th percentile for age-and sex-matched US norms (p < 0.01; Table 7 ).
Discussion
Assessment of mental health parameters in ASD patients provides further insight into their prognostic outcomes from surgical intervention. The original hypothesis that patients with poor mental health may have worse 2-year outcomes than those with good mental health was disproven. Our results indicated that both groups had significant improvements in the majority of HRQOL measurements compared with baseline. Patients with low MCS scores, compared to patients with higher MCS scores, can still benefit from reconstructive spine surgery. In this report, we also showed that patients with notable psychological distress significantly improved in most HRQOL outcome measures after spine deformity surgery. Patients should not be excluded as a surgical candidate because of poor preoperative MCS scores, but instead should receive a more comprehensive treatment approach. A significant number of ASD patients have LMH. Analysis of our multiinstitutional database revealed a greater prevalence of LMH than HMH based on MCS scores (28.5% vs 11.0%). In this report, patients with HMH were more likely to have clinically significant improvements in their physical health status than patients with LMH, independent of baseline deformity type and baseline physical status. Patients with lower mental health scores tend to rate their health poorly and have frequent psychological distress as well as social and role disability because of emotional difficulties. 9, 26 This could limit improvements in physical self-care, bodily pain, and feelings of vitality. Patients with LMH were more likely to demonstrate clinically significant improvements in their mental health scores than the patients with low physical health and HMH. While this finding is probably attributable to a floor/ceiling effect, only 15.1% of patients in the LMH group met the requirements for the HMH category at the 2-year follow-up. These improvements may indicate the responsiveness of mental disability to surgical treatment, which is supported by the significantly higher MCS, SRS-22r mental, and SRS-22r satisfaction scores in the LMH patients. Any lack of improvement could be attributable to cognitive-behavioral disorders, such as anxiety and depression, which can result in higher rates of postoperative dissatisfaction and pain. Both patient groups had similar SRS-22r satisfaction and back and leg pain scores at baseline. However, at the 2-year follow-up, the HMH group demonstrated a greater reduction in back pain (p < 0.01), whereas LMH demonstrated greater improvements in SRS-22r satisfaction. The mechanisms involved in responding to emotional distress, such as catastrophizing and acceptance, were not captured in this study. Patients in the LMH group had greater difficulties in improving their PCS scores. To help patients with lower mental health scores undergoing surgical treatments, projected difficulties in obtaining greater improvements should be discussed during the preoperative period. The preoperative workup for LMH patients should include a psychiatric evaluation, such as the Distress and Risk Assessment Method (DRAM), to determine if they have intrinsic depression or disease-related depression, which may benefit from antidepressant medication or cognitivebehavioral treatment. Patients with lumbar degenerative disease who improve their mental health function have been shown to have 1-year surgical outcomes similar to those in patients without mental health dysfunction. 10 The decrease in MCS scores in patients in the HMH group could be attributable to treatment complications or unmet patient expectations. Developing depressive symptoms after surgery have also been shown to have a negative impact on clinical outcomes. Mental health function can be associated with surgical outcomes and should be addressed preoperatively as well as during follow-up. Future studies should investigate the impact of concurrent treatment of mental health parameters on long-term clinical outcomes.
Medical comorbidities and employment status are also important determinants of a patient's mental health status. Adult spinal deformity patients with LMH had a significantly higher incidence of self-reported leg weakness, depression, hypertension, and neurological and psychiatric disease processes. Adult spinal deformity itself is a debilitating disease that has been shown to impact a patient's functional health in a manner similar to that in chronic comorbid conditions (arthritis, lung disease, diabetes, congestive health failure, and so forth). 17 When possible, comorbid parameters should be optimized before surgical intervention. Fu et al. demonstrated that ASD patients without comorbidities can have mental health scores similar to matched US norms.
11 Particular preoperative social variables also emerged in patients with greater mental health distress; patients in the LMH group were more likely to be disabled, retired due to back pain, or unemployed.
This finding highlights the value of employment for mental health scores and the emphasis that should be placed on gathering information about any anticipated time off from work, financial burdens, and activity limitations during the patient's surgical evaluation. Moreover, addressing these comorbidities in ASD patients may help to improve their overall mental health status. The duration of symptoms before surgery can also have a negative impact on functional outcomes. 18 In our study, symptom duration in the 2 groups was similar, except that the HMH group had more years of leg pain. To our knowledge, this is the first study investigating the role of mental health dysfunction as indicated by the SF-36 in reconstructive spine surgery for ASD patients. Previous studies investigating the impact of mental health in spine surgery patients have used various mental health scales and have been limited to lumbar degenerative spine surgeries. Several studies have shown that preoperative health dysfunction has a significant negative impact on clinical outcomes.
9,10,23,24 Falavigna et al. prospectively analyzed the responsiveness of depression and its influence on the outcomes of 91 patients undergoing surgery for lumbar degenerative diseases.
10 At the 1-year follow-up, the authors found that patients with continued depression were associated with worse functional outcomes and that patients who recovered from their depression had outcomes similar to those in patients without depression. Sinikallio et al. prospectively evaluated the predictive value of preoperative and 3-month postoperative depressive symptoms on 1-year outcomes after decompressive surgery in 102 patients with symptomatic lumbar spinal stenosis. 23 These authors found that a higher depressive burden (assessed by the 21-item Beck Depression Inventory) was independently associated with greater disability, pain and symptom severity, and limited walking capacity at the 1-year follow-up. They also found that satisfaction was worse in patients who experienced depression postoperatively. Trief et al. prospectively analyzed 102 chronic back pain patients who completed measures of distress (DRAM, anxiety, depression, and hostility) before surgery and measures of pain change, function, and employment status 1 year after surgery. 24 These authors found that preoperative anxiety and depression have a significant impact on pain change ratings, functional measure outcomes (Dallas Pain Questionnaire), and work status. Derby et al. retrospectively analyzed SF-36 scores in 57 patients undergoing lumbar spine surgery.
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They found that patients with MCS scores < 40 exhibited substantially worse clinical outcomes. The study population had mean MCS and PCS values similar to those in our study; however, the authors did not observe similar significant postoperative improvement. Their sample size was small, and differences in the patient population, age, and reconstructive approaches may have contributed to the different results observed.
Two retrospective studies found no correlation between mental health parameters and clinical outcome assessments. Hobby et al. analyzed 66 patients undergoing lumbar discectomy 13 and found that disability correlated with psychological disturbances (DRAM) preoperatively but did not impact clinical outcome. In fact, they demonstrated an association between mental health improvement and disability. Asher et al. analyzed 83 patients undergoing minimally invasive lumbar surgery and found no relationship between preoperative general mental health and postoperative clinical outcomes (visual analog scale, ODI, or PCS) in patients with mental health scores comparable to the population mean. The use of a prospective database with clinical data that were collected through a uniform process from 11 institutions is a major strength of this study, although the study is retrospective and nonrandomized. Groups were found to have similar demographics and coronal Cobb values, and thus confounding variables were limited. Information on the type of self-reported psychiatric distress, anxiety or depression levels and their respective treatment regimens, and emotional mechanisms of responsiveness to surgery were unavailable. The definition of LMH was limited to the population with poor MCS scores (≤ 25th percentile for age-and sex-matched norms). Self-reported measures may have led to an overestimation of the impact of mental health parameters and poor physical functioning, and the addition of objective assessments of physical function may reduce this bias. We used self-reported HRQOL outcomes, namely the SF-36, to assess their relationships. While the use of DRAM has also been advocated when assessing psychological distress, 8 the mental health component of the SRS-22r has been shown to be an adequate surrogate for DRAM. 12 Other questionnaires used to diagnose anxiety or depression were not available in our database. We were unable to select only those patients who were eligible for significant MCID improvements in MCS scores in the HMH group given the limited number of patients meeting these criteria; therefore, MCID MCS scores were not calculated.
conclusions
While patients with poor mental and physical health, 
